Background. In papillary thyroid cancer, the role of lymph node dissection remains controversial, and staging systems consider metastatic lymph nodes as a binary entity. The purpose of this study was to determine a threshold lymph node ratio (LNR) that impacted disease-specific mortality (DSM). Methods. We utilized the surveillance, epidemiology, and end results (SEER) database to analyze adult patients who underwent thyroidectomy with lymph node dissection. A LNR (metastatic lymph nodes to total lymph nodes) was calculated after eliminating patients with less than three nodes collected. Kaplan-Meier estimates for DSM were plotted for LNRs and compared by the log rank test. The Cox proportional hazards model was used to evaluate LNR with other known clinical and pathologic determinants of prognosis. Results. A total of 10,955 cases contained data on lymph nodes. Median follow-up time was 25 months (range 0-59 months), and the mean LNR was 0.28 ± 0.37. After comparing Kaplan-Meier survival estimates and overall DSM rates, we found that a LNR C0.42 best divided those with lymph node metastasis based on DSM (p \ 0.01). Those with a LNR C0.42 experienced a DSM rate of 1.72 % while those with a LNR \0.42 had a DSM rate of 0.65 % (p \ 0.01). In addition, patients with a LNR C0.42 experienced a 77 % higher DSM rate compared to those with metastatic lymph nodes as a whole. When considered with other known determinants of prognosis, we found that LNR was strongly associated with DSM (hazard ratio 4.33, 95 % confidence interval 1.68-11.18, p \ 0.01).
The incidence of papillary thyroid cancer (PTC) has increased nearly 2.4-fold since 1973. 1 Improved detection accounts for the vast majority of this increase, and the mortality rate has remained relatively stable. 2 Yet, the extent of initial surgery for PTC remains controversial. The debate stems from the prognostic significance of metastatic cervical lymph nodes in PTC. Lymph node metastases are relatively common, occurring in 20-50 % of cases of PTC. 3, 4 This wide range depends on how lymph node metastases are defined because up to 90 % of patients will have micrometastatic disease. 5, 6 Lymph node metastases have been associated with disease recurrence. Wada et al. 7 reported that patients with metastatic lymph nodes (defined by routine histology) experienced a recurrence rate of 16.3 % while those without metastatic lymph nodes had a recurrence rate of zero.
The relationship between clinically positive lymph node metastases and recurrence is well accepted, but the significance of lymph node metastases on survival remains debatable. Historically, many felt that disease in the lymph nodes did not influence mortality. 8 More recent populationbased data utilizing the surveillance epidemiology and end results (SEER) database suggests that metastatic lymph nodes negatively influence survival. 9, 10 Critics argue that these studies demonstrate relatively small differences in survival and cannot control for the adequacy of surgical resection.
Amidst the uncertainty regarding the importance of lymph node metastases on survival, some have supported routine prophylactic central (level 6) neck dissection. Proponents of prophylactic central neck dissection argue that it reduces the chances of a central neck recurrence because ultrasound has limited ability to evaluate these central compartment lymph nodes preoperatively and radioactive iodine ablation of micrometastatic disease in the central neck carries its own risks. 11, 12 Those against prophylactic neck dissection note the potential for increased complications, the efficacy and low risk of radioactive iodine ablation, and the questionable significance of clinically unapparent disease in the lymph nodes. 13 Numerous staging or prognostic scoring systems exist for differentiated thyroid cancers, but some of these do not even consider the status of cervical lymph nodes.
14 When lymph nodes are included, they are considered in a binary sense (presence vs. absence of metastases) based on anatomic location, but not on the extent of nodes involved. [15] [16] [17] [18] [19] For example, in the AJCC staging system, patients with cervical lymph node metastases are labeled as either N1a (level VI) or N1b (levels I-V, VII), and a patient with two of 48 lymph nodes positive is grouped with a patient who has 46 of 48 lymph nodes positive. 15 As the significance and surgical treatment of cervical lymph nodes is debated, there is a need to understand how the extent of lymph node metastases impacts diseasespecific mortality (DSM). The purpose of this study was to determine how the lymph node ratio (LNR) may be used to risk stratify patients by DSM.
METHODS
We utilized the surveillance, epidemiology, and end results (SEER) database of the National Cancer Institute for this study. Adult patients (C18 years old) with PTC treated with total, subtotal, or near total thyroidectomy and lymph nodes removed between 1988 and 2007 were selected for further analysis. To select patients treated with total, near total, or subtotal thyroidectomy, we selected cases with codes 30, 40, or 50 for the ''surgery primary site'' variable. Although the SEER data collection began in 1973, we selected cases diagnosed in 1988 or later because this was the first year that SEER collected more detailed information on lymph nodes. Cases were lymph nodes were collected at the time of thyroidectomy was identified using codes 01 through 89 for the variable ''Reg LN Exam.'' The following ICD-0-3 histology codes were selected for papillary thyroid tumors and sub-types: 8050, 8260, 8340, 8341, 8342, 8343, and 8344. Patients with distant metastases at the time of diagnosis, known secondary cancers, or tumors identified at autopsy were excluded. Also excluded were 146 patients with an unknown number of regional lymph nodes examined (codes 97-99). A variable for ''unfavorable histology'' was created for tumors greater than 1 cm that was columnar cell, or tall cell, papillary carcinomas.
A LNR was calculated for each subject by dividing the number of metastatic lymph nodes by the total number of lymph nodes collected. Kaplan-Meier survival curves were plotted and compared by the log rank test. Regression analysis was used to determine each patient's probability of thyroid-cancer specific death. The optimal LNR that created the greatest difference in DSM was identified. For this analysis, we only considered cases where three or more lymph nodes were collected (n = 6,103) to control for low lymph node yields which bias the LNR to zero or one. A Cox proportional hazards model was constructed to determine the relative impact of LNR when adjusting for other known clinical factors associated with thyroid cancer specific survival. Again, only patients with three or more nodes collected were included in this multivariate analysis. p \ 0.05 was considered significant. Statistical analyses were conducted using STATA version 10.1 software (StataCorp, College Station, TX).
RESULTS

Patient and Tumor Characteristics
The SEER database contained 23,189 adult (C18 years old) patients treated with total thyroidectomy for PTC between 1988 and 2007. Of these, 10,955 cases contained data on lymph nodes and the patient and tumor features of this subset are listed in Table 1 . The average age was 48.8 ± 3.6 years old, and 75.0 % of patients were women, as expected. More than 86 % of the patients were white. The mean tumor size was 19.4 ± 4.1 mm, and 72 % of tumors in this cohort were well-differentiated papillary cancers. The second most common variant was follicular variant papillary cancer (23.9 %), followed by microcarcinomas (2.4 %), and Data are presented as mean ± the standard error of the mean or n (%) columnar cell variant (1.9 %). A total of 40.1 % of patients had extrathyroidal extension.
Disease-Specific Mortality and Status of Cervical Lymph Nodes
The DSM rate among those with metastatic lymph nodes was 1.77 % while only 0.17 % for those without metastatic lymph nodes. Median follow-up time was 25 months (Table 1) . Further analysis of the 10,955 patients who had lymph nodes dissected at the time of their thyroidectomy revealed that the median number of lymph nodes examined was 3 (range 1-90, Fig. 1a) , and the median number of metastatic lymph nodes was 2 (range 0-68, Fig. 1b) . A total of 48.5 % of these patients had only one or two regional lymph nodes collected (Fig. 1a) . As shown in Fig. 1b , over 70 % of patients had less than three lymph nodes with metastatic disease. It is impossible to determine the type or intent of lymph node dissection performed by the surgeon using the SEER database, but 15.0 % of patients had metastatic nodes in the lateral neck. The mean LNR was 0.27 ± 0.34, and, as expected, the distribution of LNR was bimodal: 44.6 % had a LNR of zero while 15.7 % had a LNR of one. LNRs of zero and one accounted for over 60 % of cases (Fig. 1c) .
Threshold LNR
We aimed to determine a threshold LNR that best divided the cases based on DSM, the relevant oncologic outcome contained in the SEER database. Kaplan-Meier disease-free survival estimates were plotted for cases where at least three lymph nodes were removed (n = 6,103), beginning with quartile divisions in LNR. From these divisions, we converged upon a LNR of 0.42 that best divided the cases based on DSM (p = 0.02, Fig. 2 ). To aid in this determination, we also used regression analysis to derive each patient's probability of thyroid cancer specific mortality by LNR (Fig. 3) . The probability function displayed an exponential pattern. That is, the probability of death from thyroid cancer increased exponentially with increasing LNR (Fig. 3) . Our threshold LNR of 0.42 was near the inflection point in this curve (Fig. 3) . The group with a LNR greater than or equal to 0.42 experienced a DSM of 1.72 % while those with a LNR \0.42 had a DSM of 0.65 % (p \ 0.01). 
Multivariate Analysis
To consider the relative impact of LNR when combined with other known clinical and pathologic determinants of thyroid cancer specific mortality, we performed a multivariate analysis using a Cox proportional hazards model. As with our derivation of a threshold LNR, we excluded cases where less than three lymph nodes were collected to control for the heterogeneity in surgical technique and to eliminate a large number of patients whose LNR was zero (Fig. 1c) . LNR was significantly associated with DSM, with a hazard ratio of 4.33 (95 % confidence interval [CI] 1.68-11.18, p \ 0.01, Table 2 ). In this model, age and tumor size were marginally associated with DSM. The number of negative lymph nodes was also included in the model to further control for lymph node yield. The number of positive nodes did not independently predict DSM (p = 0.32). We attempted to include extrathyroidal extension and unfavorable histology (columnar cell, and tall cell tumors [1 cm) into the model, but these two terms were dropped because of collinearity.
This same analysis was performed after excluding the subset of patients with lateral lymph node metastases (N1b). LNR was no longer a significant factor associated with DSM. In this model, only age was significantly associated with DSM (HR 1.10, p \ 0.01, 95 % CI 1.07-1.12).
DISCUSSION
In this study, we derived a threshold LNR that best divided patients with PTC and lymph node metastases by thyroid cancer specific mortality. Although the differences in mortality for PTC are quite small, we found that a LNR of 0.42 was the optimal LNR that divided patients with at least three lymph nodes removed based on DSM. Furthermore, LNR was significantly associated with mortality when controlling for other known clinical and pathologic predictors of thyroid cancer specific mortality.
The concept of LNR for assessing surgical quality and predicting DSM exists for many other cancers where lymph node dissection is performed. 20, 21 In contrast to previous studies that have examined LNR in the SEER dataset and elsewhere, we have derived a single, threshold LNR rather than studying arbitrary divisions in LNR. 22 Furthermore, we have chosen DSM as our primary outcome rather than overall mortality or stimulated thyroglobulin levels. 22, 23 Current staging systems for thyroid cancer only consider lymph nodes as a binary entity (metastases present vs. absent). 18, 19 As in other cancers, LNR provides a measure of surgical quality because it also depends on the surgeon performing an adequate lymph node dissection with a ''margin'' of negative nodes. This obviously depends on good preoperative nodal evaluation to determine the appropriate nodal compartments to be dissected. 24 SEER provides limited data on treatment. The extent of lymph node dissection is not coded, and one cannot determine the type or intent of lymph node dissection performed. This contrasts with previous studies of LNR in PTC which examined a specific type of lymph node dissection. 23 Therefore, our analysis likely combines patients with central or lateral compartment-oriented dissections, lymph node sampling or ''berry-picking,'' and cases where intra-thyroidal or peri-thyroidal nodes were incidentally removed with the gland.
Many have suggested that the number of metastatic (positive) nodes alone predicts survival. Zaydfudim et al. 10 analyzed the impact of lymph node metastases on thyroid cancer specific survival. In patients with PTC, who were 45 years of age or older, lymph node metastases were associated with an increased risk of death whereas lymph node involvement did not influence survival in patients Extrathyroidal extension and unfavorable histology were also included in the model but dropped because of collinearity CI confidence interval Bold values is to emphasize the importance of lymph node ratio younger than 45 years old. Given that our study only examined the subset of adult (C18 years old) patients with lymph node metastases, the results presented here are consistent with this study and demonstrate the utility of LNR in risk stratifying patients with lymph node metastases. Given the current controversy regarding the utility of prophylactic central neck dissection, the results of this study must be interpreted with caution. Because SEER cannot provide data on the surgeon's intention, we do not know what portion of these lymph node dissections were therapeutic or prophylactic. The data presented here cannot support any particular indication for lymph node dissection. Rather, this study supports the notion of compartment-oriented dissection rather than lymph node sampling, or berry picking, to obtain a sufficient margin of negative nodes such that the LNR is lower. Because the relationship between LNR and DSM disappeared when the analysis was performed without patients with lateral compartment lymph node metastases (N1b), this suggests that lateral neck metastases hold relatively more importance over DSM than central compartment metastases alone.
Certainly, LNR indicates surgical quality because it depends on the adequacy or completeness of lymph node dissection and preoperative lymph node evaluation of both the central and lateral compartments. The very large numbers in SEER and the various controls on this analysis also reveal some underlying truths about thyroid cancer biology: the extent and location (N1b) of lymph node metastases influences DSM. Nonetheless, one cannot deny the importance of both the surgeon and the pathologist in determining the LNR because both the numerator and denominator depend on the thoroughness of both parties.
This study has several drawbacks. As with all population-based studies, the very large sample size makes it quite easy to achieve statistical significance with questionable clinical significance. We feel that our strategies to limit heterogeneity, control for lymph node yield, and including other known risk factors in our multivariate analysis still exposed the importance of LNR in determining DSM. Nevertheless, the differences in mortality reported here remain relatively small. Because of the intention to limit heterogeneity in surgical technique, the utility of LNR only applies to cases where at least three lymph nodes were collected. As discussed, the indications and surgical technique for lymph node dissection remain unknown in the SEER database, making it difficult to draw definitive conclusions about any particular treatment strategy. Additionally, a large number of patients had zero nodes positive. This limits the interpretation of a LNR of zero because zero of three is quite different than zero of 33. Finally, the only relevant oncologic outcome contained in the SEER database is DSM. A median follow-up time of 25 months probably is not long enough to truly represent DSM in PTC, a slow-growing cancer that can recur decades after initial treatment.
Despite these limitations, we utilized population level data to show how LNR impacts thyroid cancer specific mortality when controlling for traditionally cited clinical and pathologic determinants of mortality. We derived a threshold LNR that serves as a simple tool to alert surgeons and patients when the extent of disease in the lymph nodes portends a worse prognosis.
